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Abstract: Pentacene for p-channel organic field effect transistors (OTFTs) and perfluoropentacene for n-channel OTFTs have 
attracted strong attentions to be used as CMOS type organic semiconductor materials for flexible organic displays. n-channel OTFTs 
with different gate insulators of polyimide (PI) and SiO2 and perfluoropentacene as a semiconductor layer were fabricated, and their 
instability of the transistor characteristics measured in air, vacuum and oxygen was investigated. The results show that both of the 
transistors exhibit a significant increase of mobility when measured in vacuum. However, the mobility of the transistors is 
significantly reduced when measured in pure oxygen, and the threshold voltages continuously increase. These phenomena may be 
related to water diffusion into the perfluoropentacene/gate insulator interface in air and oxidation of perfluoropentacene in oxygen. 
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1 Introduction 
 
Organic semiconductors have been extensively 
studied since they can be used in flexible circuits. The 
performances of organic thin film field effect transistors 
(OTFTs) have been continuously improved encouraged 
by the demands to be used in products such as flexible 
displays[1−3]. However, most of the high performance 
organic transistor material resulted in p-type OTFTs. 
Thus, high performance n-channel OTFTs have also 
been demanded in order to realize low power CMOS 
type organic circuits. One of the possible candidates for 
the n-channel OTFTs material is perfluoropentacene 
(PF-pentacene), C22F14[4]. However, this material has a 
serious reliability issue of instability. YOKOYAMA et 
al[5] reported that their n-channel OTFTs with 
PF-pentacene as the semiconductor material and SiO2 as 
the gate insulator showed significant degradation when 
the transistor characteristics were measured in a pure 
oxygen environment. On the other hand, MATSUSHITA 
et al[6] reported that an n-channel FET with F16CuPc as 
the semiconductor material and SiO2 as the gate insulator 
exhibited almost reversible change in the mobility and 
the threshold voltage when measured in air and in 
vacuum, and attributed these phenomena to the 
absorption and desorption of some chemical species at 
the F16CuPc/SiO2 interface. YAMADA et al[7] reported 
that the p-channel FET with pentacene/SiO2 interface 
also exhibited nearly reversible change when the device 
was measured in air and in vacuum. However, their 
p-channel OTFTs with the pentacene/polyimide interface 
showed nearly no change after repeated measurements in 
air and vacuum. Therefore, it is interesting to know the 
behaviors of n-channel PF-pentacene OTFTs with 
different gate insulators measured in vacuum, air and 
oxygen. 
In this paper, it will be reported that how the 
degradation phenomena of n-channel OTFTs with 
PF-pentacene and different gate insulators of SiO2 or 
polyimide occur in vacuum, air and oxygen. 
 
2 Experimentals 
 
Here, n-channel OTFTs with PF-pentacene and 
different kinds of gate insulators SiO2 and polyimide (PI) 
have been fabricated. The transistor structure is 
schematically shown in Fig.1. The substrate was a highly 
doped n-type Si, and it was used as the gate electrode. 
The semiconductor material was PF-pentacene, and Au 
was used to form the top contact source and drain. The 
fabrication procedures are as follows. At first, the n-type 
Si substrate was baked at 100 °C for 10 min. Then, 
polyimide (PI) was spin coated on the substrate at the 
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rotation speed of 800 r/min for 8 s then the rotation speed 
of 6 000 r/min for 40 s. The spin coated PI was 
successively baked at 100 °C for 10 min, 120 °C for 30 
min, and 200 °C for 60 min. The PI thickness was 
approximately 300 nm. The PF-pentacene was thermally 
deposited, and the estimated thickness of the 
PF-pentacene was 200 nm. The Au source/drain 
electrode was thermally deposited using a shadow mask. 
The defined channel length and width were 50 μm and 2 
mm, respectively. The OTFTs with the PF-pentacen/SiO2 
structure were also fabricated using the similar process. 
The thickness of the SiO2 film was 300 nm. 
 
 
Fig.1 Cross-sectional structure of PF-pentacene OTFT 
 
The transistor characteristics of Id−Vds, Id−Vgs were 
measured using a semiconductor parameter analyzer 
(HP4145A). Here, Id, Vds, Vgs stand for the drain current, 
drain-source voltage, and gate-source voltage, 
respectively. 
Fig.2 shows the transistor measurement procedures. 
The transistor characteristics Id−Vds and Id−Vgs were 
successively measured in air (A), in vacuum less than 
10−3 Pa (B), in pure oxygen at 1.1×105 Pa (C), in vacuum 
less than 10−3 Pa (D), and in pure oxygen at 1.1×105 Pa 
(E). The voltage ranges of the drain-source voltage (Vds) 
and gate-source (Vgs) were 0−60 V and 0−100 V, 
respectively. 
 
 
Fig.2 Transistor measurement procedures 
 
3 Results and discussion 
 
Fig.3 describes the Id−Vds characteristics of Si/SiO2 
(300 nm)PF-pentacene/Au OTFT measured in air, 
vacuum, oxygen, vacuum, and oxygen, respectively. The 
Id shows a significant increase when measured in 
vacuum (Fig.3(b)). This may be related to the out 
diffusion of water at the PF-pentacene and SiO2 interface. 
It has been well known that the surface of SiO2 is 
covered by water. The electrical polarization of water 
may scatter charge carriers in PF-pentacene. When the 
OTFT was measured in oxygen environment, significant 
reduction of Id is observed in Fig.3(c). This may be due 
to the interaction between oxygen atoms, PF-pentacene, 
and the PF-pentacene/SiO2 interface. This Id recovers 
some extent after the measurement in oxygen (Fig.3(d)). 
But it does not recover to the Id level of Fig.3(b). This 
may suggest that some oxygen absorbed in the OTFT 
diffuses out, which results in the increase of Id. However, 
the Id only recovered to 20% of Id (Fig.3(b)). This clearly 
indicated that permanent reaction between oxygen and 
the PF-pentacene occurred. As seen in Fig.3(e), it again 
recovers to the level of Fig.3(c). It should be noted that 
the degradation in oxygen was accelerated when the 
device was measured. The high voltage measurement of 
the OTFTs accelerates the degradation in oxygen. 
Similar behaviors are also observed in the OTFTs with 
the PI gate insulator. 
In order to understand the degradation behaviors in 
more details, the changes of hole carrier mobility and 
threshold voltage were characterized. The mobility and 
threshold voltage can be derived from the following 
equation: 
 
2
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where μ corresponds the mobility with unit of cm2/(V·s), 
Vth corresponds the threshold voltage, L corresponds the 
channel length, W corresponds the channel length, and 
the ci corresponds the unit area capacitance of the gate 
insulator. 
Fig.4 represents the root of Id—Vgs relationships of 
the transistors with different gate insulators of SiO2 
(Fig.4(a)) and PI (Fig.4(b)). The values of Vth were 
derived by extrapolating the root to the voltage of zero of 
Id. It is clear that Vth continuously increased after the 
measurements in oxygen, and the slope of root (Id) 
continuously decreased which corresponds to the 
reduction of the mobility. 
Fig.5 shows the threshold voltage Vth changes in 
successive measurements. The Vth values of the SiO2 
transistor and the PI transistor seem to exhibit slight 
increase as the measurements in oxygen is repeated. It 
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should be also noted that the absolute values of the 
threshold voltage of the PI transistors are larger than that 
of the SiO2 transistors. A possible reason is that some 
negatively charged species in the PI film are larger that 
those in the SiO2. Another possible reason will be the 
surface roughness of the PI film since this PI film was 
formed using the spin coating method. These could also 
explain that the mobility of the PI transistor is smaller 
than that of the SiO2 transistor. Fig.6 compares the 
mobility changes in the successive measurements. Please 
note that the motilities of the both PI and SiO2 transistors 
show significant increase after the first evacuation from 
the air pressure. This may clearly present that some 
chemical species such as water are removed from the 
PF-pentacene and gate insulator interface. The SiO2 
transistor showed the significant increase in the mobility 
from 0.57×10−5 cm2/(V·s) to 29.02×10−5 cm2/(V·s) in the 
first evacuation of the air, while the PI transistor shows 
moderate increase in the mobility from 4.49×10−4 
cm2/(V·s) to 7.0×10−4 cm2/(V·s) as listed in Table 1. 
It should also be noted that both the transistors 
exhibit significant degradation of the both transistors as 
measured in oxygen. This phenomena is consistent with 
the report by YOKOYAMA et al[5] who suggested that 
the oxidation of the PF-pentacene occurs during 
measurement. 
 
 
Fig.3 Id−Vds characteristics of Si/SiO2 (300 
nm)PF-pentacene/Au OTFT measured in 
air(a), in vacuum below 1.0×10−3 Pa(b), in 
oxygen (c), in vacuum below 1.0×10−3 Pa (d), 
and in oxygen (e) 
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Table 1 lists the changes of mobility, threshold 
voltages, and drain current for the PI OTFT and the SiO2 
OTFT. The mobility level of PF-pentacene was in the 
order of 10−3 in vacuum is much smaller than that of 
pentacene up to 1 cm2/(V·s). Therefore, it is necessary to 
understand the maximum level of mobility and control 
the instability of PF-pentacene. 
 
 
Fig.4 Id−Vgs characteristics of Si/SiO2(300 nm)PF-pentacene/Au 
OTFT (a) and Si/PI (320 nm)PF-pentacene/Au OTFT (b) 
YAMADA et al[7] reported that the threshold voltage 
and the mobility of the p-channel transistors with similar 
dimensions of the pentacene transistors were around –20 
V and larger than 10−2 cm2/(V·s), respectively. It should 
be noted that the threshold voltages Vth of the PF- 
pentacene transistors was very large and that the mobility 
 
 
Fig.5 Changes in threshold voltages after successive 
measurents 
 
 
Fig.6 Changes in mobility after successive measurents 
 
Table 1 Comparison of mobility and threshold voltage of pentacene OTFTs with different gate insulators (Vgs=100 V, Vds=60 V) 
Gate insulator Condition Mobility/(cm2·V−1·s−1) Threshold voltage/V Drain current/μA 
In air (A) 0.57×10−5 48 1.11×10−2 
In vacuum (B) 29.02×10−4 55 1.11 
In oxygen (C) 3.66×10−4 71 6.01×10−2 
In vacuum (D) 8.70×10−4 63 2.25×10−1 
SiO2(300 nm) 
In oxygen (E) 3.58×10−4 68 6.90×10−2 
 In air (A) 4.49×10−4 68 7.31×10−2 
 In vacuum (B) 7.00×10−4 68 1.11×10−1 
PI (320 nm) In oxygen (C) 1.08×10−4 70 1.51×10−2 
 In vacuum (D) 1.01×10−4 69 1.51×10−2 
 In oxygen (E) 0.46×10−4 80 2.86×10−2 
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levels were small. This may mean that the negatively 
charged species near the PF-pentacene and gate 
insulators are many. Those negatively charged species 
may be related to oxidized state of PF-pentacene, and 
the control of the negatively charged species is the key to 
improve the performances of the n-channel PF-pentacene 
OTFTs. 
 
4 Conclusions 
 
1) OTFTs with PF-pentacene as a semiconductor 
material and two different kinds of gate insulators of 
SiO2 and polyimide were evaluated and successively 
measured in air, in vacuum, in oxygen, in vacuum, and in 
oxygen. Both of the transistors exhibited a significant 
increase of mobility when measured in vacuum.  
2) The mobility of the transistors was significantly 
reduced when measured in pure oxygen, and the 
threshold voltages continuously increased. These 
phenomena may be related to oxidation of PF-pentacene. 
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